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A b s t r a c t -The magnetic p r o p e r t i e s and c a t i o n d i s t r i b u t i o n of a new ferrimagn e t i c R-type hexagonal f e r r i t e have been s t u d i e d from i s o t h e r m a l magnetization
and Mossbauer spectroscopy measurements. The compound BaFe Mn 0 p o s s e s s a c o l l i n e a r s p i n s t r u c t u r e and a s t r o n g u n i a x i a l magnetic an?sogrAby. By means of t h e law of approach t o s a t u r a t i o n and t h e s i n g u l a r p o i n t detectiontechrdque magnetic a n i s o t r o p y f i e l d up t o 50 kOe is obtained a t T = 4.2 K. I t i s shown t h a t M n i o n s have a f u l l p r e f e r e n c e f o r t h e o c t a h e d r a l 6g s u b l a t t i c e and cryst a l l o c h e m i c a l r e a s o n s f o r t h i s f a c t a r e given.
I -INTRODUCTION
The i n t e r e s t on R-type hexagonal f e r r i t e s has continuously grown s i n c e Haberey and Velicescu s y n t h e s i z e d a compound of t h i s f a m i l y /I/. The R s t r u c t u r e (S.G. Pb3/rnmc) may be symbolically d e s c r i b e d a s RXR, where R r e p r e s e n t s a block of t h r e e hexagonal c l o s e packed oxygen l a y e r s w i t h a Ba c a t i o n s u b s t i t u i n g an oxygen i n t h e i n n e r l a y e r , and where * symbol d e n o t e s t h a t t h e corresponding block has been 180° t u r n e d around t h e hexagonal c -a x i s . The u n i t formula of t h e R s t r u c t u r e -t y p e compounds may be w r i tt e n a s BaFe M 0 , where denotes a t e t g a v a l e n t t r a n s i t i o n m e t a l , and t h e l a t t i c e parameters $2 ?a = 5.8 A and c ' 13.6 A. Within t h e c l o s e packing a r r a y of oxygen i o n s , t h e m e t a l l i c i o n s a r e d i s t r i b u t e d among two o c t a h e d r a l and one pseudotetrahed r a l s u b l a t t i c e /2,3/.
A f u l l study of t h e s t r u c t u r a l and magnetic p r o p e r t i e s of t h e R-type hexagonal f e rr i t e s is obviously necessary f o r g e t t i n g a deeper i n s i g h t i n t o t h e p r o p e r t i e s of more complex and t e c h n o l o g i c a l l y r e l e v a n t f e r r i m a g n e t i c oxides.
Among t h e R-type hexagonal f e r r i t e s s t u d i e d up t o now, no f e r r i m a g n e t i c compounds have been found. Only a s p i n -g l a s s l i k e behaviour was found i n Ti and Sn compounds. However, very r e c e n t l y , a new f e r r i m a g n e t i c compound with BaFe4Mn20Al composition was s u c c e s s f u l l y s y n t h e s i z e d / 3 , 4 / . I n t h i s work, we r e p o r t on t h e s y n t e s i s , c a t i o n d i s t r i b u t i o n and magnetic p r o p e r t i e s of t h i s compound.
I1 -SYNTHESIS AND X-RAY CHARACTERIZATION
The main d i f f i c u l t y i n t h e s y n t h e s i s of B~F~~+ M~~+ O~~ compound is t o avoid t h e reduct i o n of t e t r a v a l e n t M n i o n s . We have only succeez by using a high temperature-high Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985662
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p r e s s u r e b e l t -t y p e a p p a r a t u s . A mixture of Ba02, a-Fe 0 and Mn02 was s u b j e c t e d t o a p r e s s i o n of 80 kb a t T = 1173 K d u r i n g 1 h. The ~-t~~z 8 a~e Mn2011 o b t a i n e d compound always c o n t a i n s a few amount of a-Fe 0 which could be easi;ty elrminated by a magnet i c s e p a r a t i o n procedure. F u r t h e r ~& s $ a u e r s p e c t r a gave a r e s i d u a l amount of about 2 % of a-Fe203, which could n o t be d e t e c t e d i n long exposure X-ray p a t t e r n s .
0
The l a t t i c e papameters obtained from a G u i n i e r p a t t e r n were : a = 5.788(2) A and c = 13.445(9) A, i n agreement with those r e p o r t e d by Cad6e /3/.
-MAGNETIC MEASUREMENTS
Isothermal magnetization curves of BaFe Mn2011 were p l o t t e d i n t h e temperature range 4.2 K < T < 300 K i n f i e l d s up t o 150 kbe, by u s l n g t h e a x i a l e x t r a c t i o n technique of t h e S e r v i c e National d e s Champs I n t e n s e s i n Grenoble. The s a t u r a t i o n magnetization above room temperature and t h e Curie temperature was deduced from measurements performed on a f i e l d o r i e n t e d sample, by u s i n g a Faraday balance. I n t r i n s i c magnetic parameters such a s s a t u r a t i o n magnetization Mo, high f i e l d d i f f e r e n t i a l s u s c e p t i b il i t y x and a n i s o t r o p y f i e l d Ha a t temperatures below 300 K were deduced from a numer i c a l a n a l y s i s of t h e l a w of approach t o s a t u r a t i o n . Moreover, H a a t T = 4.2 K was a l s o deduced by means of t h e numerical d e t e r m i n a t i o n of t h e s i n g u l a r p o i n t i n t h e magnetization curve ( F i g . 1 ) . Fig. 1 -S i n g u l a r p o i n t d e t e r m i n a t i o n of Ha i n BaFe4Mn2011 ( a t T = 4.2 K).
From t h e temperature dependence of t h e s a t u r a t i o n magnetization (Fig. 2 ) , M o a t T = 0 K is estimated a s 37.5(7) emu/g o r 4.7(1) pB/f-u. The a b s o l u t e s a t u r a t i o n magnetization s u g g e s t s a c o l l i n e a r o r n e a r l y c o l l i n e a r Gorter-type magnetic s t r u c t u r e w i t h ~n~+ i o n s occupying t h e 6g o c t a h e d r a l s u b l a t t i c e The c a l c u l a t e d value by assuming p (~e~+ ) = 5 p~ and p (~n~+ ) = 2.6 p~ /5/ is M o = 5.2 p 8 / f e u which i s roughly i n agreement w i t h t h e measured value. These magnetic a n i s o t r o p y c o n s t a n t s a r e q u i t e s i m i l a r t o t h o s e of BaFel201g. The o r i g i n of t h e high magnetic a n i s o t r o p y i n some hexagonal f e r r i t e s has been controvers e d , b u t as it is shown i n an accompanying paper /6/ it a r i s e s mostly from magnetic d i p o l a r energy.
The magnetic a n i s o t r o p y f i e l d Ha s u g g e s t s t h a t BaFeuMn2011 owns an u n i a x i a l a n i s o t r o -PY t h e w h i c h is d e s c r i b e d using t h e o n l y f i r s t o r d e r c o n s t a n t
F i n a l l y t h e Curie temperature obtained from our high temperature measurements is Tc = 480(5) K. This v a l u e is s l i g t h l y lower than t h a t previously r e p o r t e d by Cadge /3/. This low value of Tc, compared t o t h a t of BaFel2019, c l e a r l y demonstrates t h e s o f t e n i n g of exchange i n t e r a c t i o n s induced by t h e ~n~+ ions.
Fig. 2 -S a t u r a t i o n magnetization of BaFe4MnqOll versus temperature. I V -MOSSBAUER SPECTROSCOPY STUDY
Two Mossbauer s p e c t r a w e r e e n r e g i s t r e d : a paramagnetic one (Fig. 3 ) a n o t h e r a t room temperature (Fig. 4) . 
h e hyperfine parameters deduced from t h e f i t t i n g of t h e s p e c t r a a s a sum of Lorentzian l i n e s . I n t h e magnetically s p l i t t e d spectrum an hyperfine f i e l d d i s t r i b u t i o n was included i n o r d e r t o account f o r t h e inhomogeneous broadening of t h e l i n e s . The i d e n t i f i c a t i o n of t h e subspectra w a s achieved on t h e grounds of t h e i r c h a r a c t e r i s t i c hyperfine parameters /7/ and r e l a t i v e i n t e n s i t i e s .
( a ) r e s p e c t t o Co-Rh ( b ) half width of t h e Lorentzian-like hyperfine f i e l d d i s t r i b u t i o n . 
Rorn t m p e r r r t m e
From t h e r e l a t i v e i n t e n s i t y of t h e two o c t a h e d r a l subspectra, it is found t h a t ~n~+ i o n s a r e only occupying t h e 6g s u b l a t t i c e , t h u s f u l l y confirmin t h e a s s e r t i o n s made from magnetization measurements. This s e l e c t i v e occupancy of Mnf+ i o n s i n BaFe4Mn2Oll seems t o be c o n s i s t e n t with t h e tendancy found i n previous s t u d i e s on R-type hexagon a l f e r r i t e s /3/. W e would l i k e t o p o i n t o u t t h a t from t h e comparison of s t r u c t u r a l and Mijssbauer d a t a of T i , Sn /7,8/ and M n R-type hexagonal f e r r i t e s a f u l l c o r r e l at i o n among dynamical c h a r a c t e r i s t i c s of F e ( 4 f ) i o n s and l o c a l s t r u c t u r e does emerge. For i n s t a n c e we may s t a t e t h a t higher t e t r a v a l e n t i o n s induce a major displacement of t h e Fe i o n s towards t h e c e n t e r of t h e t e t r a h e d r a l forming t h e bipyramid, t h u s leading t o lower quadrupole s p l i t t i n g /3/ (more symmetrical environment). F i n a l l y , some i n s i g h t on t h e microscopic magnetic c h a r a c t e r i s t i c s of BaFeqMn2011 m y be g o t from t h e magnetically s p l i t t e d Mossbauer s p e c t r a . W e note f i r s t t h a t t h e e f f e c t i v e quadrupole s p l i t t i n g of t h e ~e ( 4 k ) ions show t h a t t h e i r magnetic moments l i e along t h e hexagonal c-axis, t h u s confirming our previous conclusion of a c o l l i n e a r magnetic s t r u c t u r e with s t r o n g u n i a x i a l magnetic anisotropy. (7) s u b l a t t i c e , on t h e exchange i n t e r a c t i o n s between Fe ions. The s t a b i l i s a t i o n of a c o l l i n e a r Gorter-type magnetic s t r u c t u r e means t h a t t h e Mn(6g)-Fe(4e) i n t e r a c t i o n is antiferromagnetic, l i k e t h e corresponding Fe(6g)-Fe(4e) one. However, it is c l e a r t h a t i t s s t r e n g t h is lower, a s it i s confirmed by t h e decrease of t h e Curie temperat u r e of BaFeqMn2011 compared t o BaFel2019. Therefore, a s t r o n g l o c a l magnetic unequivalency is obtained f o r t h e neighbouring Fe ions. This is t h e o r i g i n of t h e important hyperfine f i e l d d i s t r i b u t i o n observed i n t h e magnetically s p l i t t e d Mossbauer spectrum.
V -CONCLUSION From isothermal high f i e l d magnetization and Mossbauer spectroscopy measurements it has been shown t h a t BaFe4Mn2011 R-type hexagonal f e r r i t e owns a c o l l i n e a r Gorter-type magnetic s t r u c t u r e , with t h e ~n 4 + i o n s occupying t h e 6g octahedral s u b l a t t i c e . A s compared t o BaFe12019, t h e s a t u r a t i o n magnetization is lower but t h e magnetic anisotropy energy is s i m i l a r . This l e a d s t o a very high magnetic anisotropy f i e l d , i . e . Ha = 50 kOe a t T = 4.2 K. The decrease of t h e Curie temperature, a s compared t o
BaFe12019 and t h e hyperfine f i e l d values deduced from Mossbauer s p e c t r a , allow us t o conclude t h a t t h e M n i o n s s t r o n g l y decrease t h e superexchange paths.
